Ion imprinted polymers (IIPs) are very difficult to apply in actual wastewater containing solid particles and floccules due to the imprinting hole blockage of losing adsorption performance. Pb(II) ion-imprinted polymers with bi-component polymer brushes (grafted-IIP) are synthesized and its anti-interference performance was studied. The maximum adsorption capacity of ungrafted Pb(II) ion-imprinted polymers (RAFT-IIP) and grafted-IIP was 53.8 mg g À1 and 38.5 mg g 
Introduction
Heavy metals as a representative contaminant extensively exist in water, which are poisonous to human health because they can accumulate in living tissues and food chain.
1,2 The removal of heavy metal and organic pollutant in wastewater treatment process become a remarkable concern issue. [3] [4] [5] [6] [7] [8] [9] [10] [11] Lead (Pb(II)) is one of the toxic metals enumerated among the priority heavy metals pollutants, 12, 13 and various sorbents were used to remove Pb(II) ions from wastewater in recent study, for instance, tea waste, [14] [15] [16] natural biosorbent, [16] [17] [18] bentonite, [19] [20] [21] magnetic nano-particles, 22, 23 activated carbon, 24, 25 metal-organic frameworks, 26, 27 mesoporous silica materials. 28 However, most of the adsorption technology are essentially a transfer of pollutants, which bears tremendous secondary pollution risk. Ion imprinted polymers are hope to resolve above problem of secondary pollution due to its high recognition and selectivity. Our research group carried out a lot of works about ion imprinted adsorbents and dedicated to develop a new practical recycling product technology. [29] [30] [31] [32] Other research group took the sol-gel method to prepare the Pb(II)-IIP, using dual functional monomers, that have highly selective for Pb(II), 33 reverse emulsion polymerization prepare Pb(II)-surface imprinted polymers and successfully used in actual water samples, 30 and magnetic porous nanoparticles Pb(II)-imprinted polymer to selective separate and detect Pb(II) in the food sample. 34 However, imprinted cavities were easily blocked by solid particles and complexes occulent in actual wastewater, thus limiting its wide range of applications. Thus, developing an ion imprinted polymer with anti-interference ability is very important for wastewater applications.
In order to solve above problem, our research group designed lithium ion imprinted polymers with hydrophilic PHEMA polymer brushes and investigated the role of graing density on anti-interference and anti-blockage in wastewater. 35 Furthermore, PHEMA brushes possess well hydrophilic, 36,37 but we also found hydrophilic PHEMA brushes could effectively adhere ne particles and occulants though van der Waals force interactions and displayed good anti-interference ability. In order to further increase anti-clogging ability, we modied bicomponent polymer brushes on the surface cadmium ion polymer and veried appropriate rigid component (PS) introduction on bi-component brushes could enhance ion imprinted polymer anti-clogging ability. Moreover, we rstly provided the concept of the "broom effect". 38 However, it has not been applied widely to other heavy metal ion due to the differences of heavy metal ions chemical properties in wastewater.
For the sake of applying to other heavy metal ions and investigating further bi-component bush anti-interference performance, we have designed Pb(II) ion-IIP with the surface modication of bi-component polymer brushes included polymer hydroxyethyl methacrylate (PHEMA) and polymer styrene (PS) via reversible addition-fragmentation chain transfer polymerization (RAFTPP). The bi-component anti-interference performance were investigated through a series of simulated wastewater containing solid particles, occules and the actual factory wastewater. We used XPS to reveal the mechanism of anti-interference ability. And we veried ion imprinted polymer with bi-component polymer brushes had a high potential in the practical wastewater. The next step of work need to discuss the effect of chain lengths of polymer brushes on the antiinterference ability in order to make it the most of antiinterference performance.
Experimental

Materials and chemicals
All the detailed of the materials and chemicals are provided in the ESI. †
Apparatus
All the primary used apparatus are shown in the ESI. †
Synthesis of RAFT-IIP/NIP and graed-IIP/NIP microspheres by RAFTPP
The detailed procedure of synthesis imprinted materials is described in the ESI. † 39 
Batch adsorption experiments
All the adsorption experiments were conducted according to the following steps. First of all, 20 mg adsorbents were added into 20 mL adsorbate solution, then shook from 4 h in incubator shaker (Jingqi, IS-RDD3, USA) at 25 C. Aer the adsorption equilibrium, the remaining of Pb(II) concentrations (C e ) were measured by atomic absorption spectrum (AAS). The Pb(II) uptake capacity at equilibrium was calculated from equation:
where q e represents the adsorption capacity (mg g À1 ); C 0 and C e are the initial and equilibrium concentrations of lead ions (mg L
À1
), respectively; m is the mass of sorbents (g); and V is the volume of the metal ion solution (L).
pH is a signicant impact on the adsorption to metal ions adsorption process. The adsorption effect of pH is evaluated though a series of pH gradient (3.0-6.0) control, 0.1 mol L À1 HCl and 0.1 mol L À1 NaOH were used for pH adjustment. In order to investigate the equilibrium adsorption of RAFT-IIP/NIP and graed-IIP/NIP, an initial concentration of Pb(II) ranged from 100 to 600 mg L À1 was carried on isothermal adsorption experiment. Adsorption kinetic experiments were obtained by adding 250 mg of adsorbents into 250 mL of a 500 mg L À1 Pb(II) ion solution at room temperature, with constant stirring, samples were taken out at setting intervals time, then the adsorbents were separated by centrifugation.
Adsorption experiments in different media
Simulated wastewater containing solid particles and different kind of occulants were applied to study the anti-interference ability of graed-IIP. In this study, three kinds of particle sizes of SiO 2 ( Fig. S1 †) which included a wide range particle size distribution were synthesized to simulate solid particle distribution in real wastewater. SiO 2 particles were made into 1.0 mg mL À1 homogeneous solution in deionized water. In addition, three kinds of industrial-grade pure occulants, universal exist in wastewater, including sodium carboxymethyl cellulose (CMC), poly aluminum chloride (PAC), and polyacrylamide (PAM) were also made into contain 1.0 mg mL À1 homogeneous occules solution either single component or pairwise orthogonal occulants. The concentration of Pb(II) ion in all aqueous samples was 500 mg L À1 .
In order to investigate the practical application ability of the RAFT-IIP and graed-IIP, the real wastewater was used. The copper mine wastewater came from Dexing Copper Mine in Jiangxi, in which suspending white occule and solid particle ( 
Results and discussion
Character analysis
The morphologies and size distributions of the RAFT-IIP and graed-IIP particles were characterized by SEM. As shown in Fig. 1 , the RAFT-IIP and graed-IIP polymers were both spherical particles with size distribution 300-830 nm and 700-1700 nm, respectively. From the insets in Fig. 1 , surface of RAFT-IIP is more smooth than graed-IIP, which veried polymer brushes were graed successfully on surface of imprinted microspheres. The FT-IR spectra ( Fig. 2(a) ) was employed to characterize RAFT-IIP and graed-IIP. The spectrum peak at approximately 3440 cm À1 due to -OH stretching from PHEMA was observed in the spectra of the graed-IIP/ NIP, while the RAFT-IIP/NIP FTIR spectrum were not observed. Characteristic peaks corresponding to the C]S stretching at approximately 1043 cm À1 conrms the existence of dithioester groups and the C]O vibration at 1725 cm À1 from the bonded PHEMA was seen clearly. 40 Additionally, the PS polymer brushes FT-IR absorption characteristic peaks were overlapped with in the spectra of CDB characteristic peaks at approximately 2995 cm À1 , 2955 cm À1 , 750-1400 cm
À1
indicate aliphatic C-H stretching, aromatic C-H stretching 3043 cm À1 , 1500 cm À1 and 700-1400 cm À1 denote aliphatic C-H stretching, aromatic C-H stretching. 41, 42 The signal at 3440 cm À1 is ascribed to -OH stretching from PHEMA, however, the peak is not observed in FTIR of RAFT-IIP/NIP spectrum ( Fig. 2(a) ). This another evidence revealed graed-IIP had been prepared successfully. In addition, in comparison with RAFT-IIP, the isoelectric point of graed-IIP shied toward the le to 0.18 unit ( (Table S1 †), respectively. These results verify the imprinted polymer surface is successfully graed with bi-component polymer brushes and gra density and chain length maybe have greatly inuenced on antiinterference ability of imprinting adsorbents.
Effect of pH on Pb(II) ion adsorption
As is well known that there is a signicant impact on the adsorption solution of pH for metal ions adsorption process. Under alkaline conditions (pH $ 7.0), Pb(II) ions are in precipitation state, it is not appropriate for ion imprinting to explore application. Thus, the Pb(II) solutions with various pH (3-6) were systematically investigated. As seen from the Fig. 3 , adsorption capacity of RAFT-IIP/NIP increases sharply at pH value ranging from 3.0 to 4.0, then decreases at pH > 4.0, the largest adsorption amounts were 47.0 mg g À1 and 18.0 mg g À1 , respectively. Nevertheless graed-IIP/NIP increases quickly at pH ranging from 3.0 to 5.0, decreases at pH > 5.0 aerward, which have 29.5 mg g À1 and 15.0 mg g À1 , respectively. The optimum pH value of RAFT-IIP/NIP and graed-IIP/NIP are 4.0 and 5.0, respectively. Meanwhile, the zeta-potential of RAFT-IIP and graed-IIP are À20 and À27 mV, respectively ( Fig. 2(b) ).
Negative surface of RAFT-IIP and graed-IIP is more beneted for adsorption of positively charged Pb(II) ion.
Adsorption capacity in different water
In order to investigate anti-interference of RAFT-IIP/NIP and graed-IIP/NIP, their isothermal equilibrium adsorption was studied in pure water and simulation wastewater. Fig. 4 presents that adsorption experiment data in pure water are tted by the Langmuir and Freundlich nonlinear isotherms models. The parameters of the isotherm model are summarized in Table 1 , respectively. It can be seen clearly that RAFT-IIP/NIP could adsorb more Pb(II) ion than graed-IIP/NIP. That is because bi-component brushes without adsorption site resulted in decrease of imprinted cavities unit mass. Secondly, Pb(II) ion adsorption capacities on graed-IIP decreased gradually with decrease of particle size of SO 2 in simulated wastewater. It might be because bi-component polymer brushes could prevent large size particle entering into imprinted cavity. However, smaller size particle could reach the surface of imprinted microsphere through the space between the polymer brushes and blocked partially imprinted cavity. The size of solid particles was in the range of 185-300 nm in Dexing Copper Mine wastewater (Fig. S2 †) . Graed-IIP show the best anti-clogging ability for greater than 100 nm particles, this further explained bi-component polymer brushes are suitable for anti-blocking in treating Dexing Copper Mine wastewater. Thirdly, graed-IIP has also good anti-interference for occu-lation in simulated wastewater. With increase of occulation concentration, the adsorption capacities decreased gradually. The order of anti-interference is PAC > PAM > CMC. This results can be explained by interaction force between occulation and PHEMA in bi-component. PAC coordination force with PHEMA is bigger than PAM hydrogen bonding force with PHEMA, bigger than CMC hydrogen bonding force with PHEMA. Above results full proved bi-component polymer brushes graed on the imprinting surface has good anti-interference ability in containing SiO 2 solid particles and occulation particles water solution.
Adsorption kinetics
Adsorption rate is an important factor for removal Pb(II) ion from wastewater. For sake of investigating effect before and aer graed bushes, adsorption kinetics of RAFT-IIP/NIP and graed-IIP/NIP were studied. Fig. 6 showed Pb(II) ion bounded amounts on RAFT-IIP/NIP and graed-IIP/NIP increased sharply in initial 10 min, then increased slowly, and nally attained its saturation value aer 36 min and 60 min, respectively. The kinetic data of RAFT-IIP/NIP and graed-IIP/NIP were tted using the pseudo-rst-order (eqn (8) in the ESI †) and the pseudo-second-order (eqn (9) in the ESI †) models. From the comparison between the experimental adsorption capacity (q exp ) and calculated adsorption capacity (q cal ), it shows that q exp are very close to q cal values for the pseudo-second-order kinetics (Table 2) . Moreover, the pseudo-second-order model correlation coefficient values are higher than that of pseudo-rst-order model. This result demonstrated the pseudo-second-order models is more suitable than pseudo-rst-order model. Thus, RAFT-IIP/NIP and graed-IIP/NIP for Pb(II) ion adsorption belongs to the chemical adsorption. In addition, the kinetic rate constant (k) of RAFT-IIP is about 2 times than graed-IIP. This results can be explained that introduction of bi-component bushes increased mass transfer resistance of Pb(II) ion. However, this is difference with one-component hydrophilic PHEMA brushes. Perhaps intertwined partially benzene ring in bi-component bushes blocking Pb(II) ion movement, however, only one-component hydrophilic PHEMA bushes did not exist in intertwining and stretched out adequately in aqueous solutions, then, did not hinder mass transfer of Pb(II) ion. In summary, introduction of bi-component bushes on surface of IIP would reduce mass transfer rate, but 1 h balance time could be accepted in practical application.
Adsorption selectivity study
To conrm whether graed polymer brushes have an effect on the selectivity of IIP, Cr(II), Zn(II), Co(II) and Ni(II) with same charge and similar size were used as competitive ion. Fig. 7 described RAFT-IIP/NIP and gra-IIP/NIP exhibits obvious higher Pb(II) ion uptake capacities than other Cr(II), Zn(II), Co(II) and Ni(II) ions. The selectivity coefficient and relative selectivity coefficients were calculated and listed in Table 3 . The selectivity coefficient and relative selectivity coefficients of RAFT-IIP are bigger than graed-IIP, which demonstrated bi-component brushes have an inuence on the selectivity of IIP. Perhaps rigid styrene changed IIP hydrophilic properties and reduced distribution ability of metal ion. However, from the viewpoint of all relative selectivity factor b > 1.2, graed-IIP still retained good selective performance for Pb(II) ion.
Anti-interference and adsorption mechanism analysis
In order to investigate the anti-interference mechanism, XPS was used to analyze interaction between bio-component polymer brushes and PAC on surface of graed-IIP. We selected PAC as observed object from three occulation because there are not Al element in graed-IIP and the change aer and before adsorption is easy to be analyzed. The typical new peaks of Al (Al 2s, Al 2p) appeared in the wide-scan XPS spectra in Fig. 8(a) , which demonstrated the PAC adhered to the surfaces of graed-IIP. In addition, Fig. 8 
43,44
The adsorption mechanism was also investigated by XPS. The signals of Pb 4f and S 2p were observed aer adsorption in Fig. 9(a) . Furthermore, in Fig. 9 (b) the peaks at 164.75 and 162.97 eV corresponded to S-C bonds (S 3/2p and S 1/2p ) 45 were shied toward lower binding energy to 163.48 eV and 162.12 eV aer adsorption of Pb ion from wastewater. In addition, the peaks at approximately 163.57 and 161.79 eV corresponded to S]C bond (S 3/2p and S 1/2p ) were shied toward lower values to 163.48 and 160.94 eV aer adsorption, respectively. These results revealed S-C and S]C of functional monomer 3-allylrhodanine are binding site of Pb ion. In general, Pb coordination structure are composed of Pb ion and four organic ligands. On this basis, we can conclude that Pb ion forms coordination bonds with two 3-allylrhodanine functional monomer. This nding indicates that the S site of imprinted cavities has played an indispensable role for Pb(II) ion selective adsorption.
Application to actual wastewater and reusability
In order to investigate thoroughly the anti-interference of the bicomponent polymer brushes, RAFT-IIP/NIP and graed-IIP/NIP were applied to treat Dexing Copper Mine wastewater. As shown in the Fig. 10 , graed-IIP can retain more than 80.5% adsorption capacity for Dexing Copper Mine wastewater. However, RAFT-IIP has only 25.7% of the original adsorption capacity. These results showed the bi-component polymer brushes on the imprinting surface have excellent anti-interference ability for the actual complex wastewater. In order to investigate organic pollutants effect on ion imprinted polymer adsorption performance in practical wastewater and the life of graed-IIP, RAFT-IIP and graed-IIP were applied to the pharmaceutical wastewater (the value of COD is 28 700 mg L À1 ). As show in Fig. 11(a) , graed-IIP can retain more than 90.1% adsorption capacity in high content of organic matter. However, RAFT-IIP has only 34.7% of the original adsorption capacity. The result are agreement with in the practical wastewater and showed that high content of organic matter in wastewater have slight effect on the adsorption ability of ion imprinting polymer. The Pb(II) ion adsorption capacities of graed-IIP did not almost decline aer subsequent ve adsorption-desorption cycles in Fig. 11(b) , the image morphology of RAFT and graed-IIP aer ve cycle is also no change (Fig. S3 †) . But it started to drop down 15.3% aer the six cycle. Perhaps portion of graed-IIP lost under the operation condition or a portion of the imprinted cavities were destroyed. These results show graed-IIP has good regenerative ability and can be repeated use for long time.
Conclusions
In our work, we have successfully synthesized Pb(II)-IIP with bicomponent polymer brushes and explored its anti-interference effect. For particle pollutants, graed-IIP with bi-component brushes show the best anti-clogging ability for 100 nm particles, in comparison with 10 nm, and 40 nm particles. For occulation pollutants, anti-interference ability order of graed-IIP with bicomponent brushes is PAC > PAM > CMC. Graed-IIP could retain more than 80.5% adsorption capacity for Dexing Copper Mine wastewater, higher than 47.6% of RAFT-IIP. Introduction of bi-component brushes has not signicant impact on the selectivity of IIP. The Pb(II) ion adsorption mainly depended on S site of imprinted cavities, and forms four coordination bonds with S-C and S]C of 3-allylrhodanine functional monomer. Bi-component brushes played an indispensable role for anti-interference ability by Al-O coordination bond, hydrogen bond, or hydrophobic interactions. Graed-IIP has good regenerative ability and can be repeated at least six times to treat actual wastewater. The proposed graed-IIP has wide application prospects for the treatment of the complicated wastewater.
